INTRODUCTION
Changes in land cover and land use frequently result in significant impacts to hydrology by affecting the amount of runoff, soil moisture, and groundwater recharge over a range of temporal and spatial scales (Calder 1992; Im et al. 2005 ). The main objective of this paper is to take into account the spatial variation of vegetation and by doing so to assess the influence of each vegetation type on the groundwater recharge of the area.
The EARTH model simulates water transport from atmosphere to aquifer by means of four subsequent reservoirs: MAXIL, SOMOS, LINRES, and SATFLOW, each representing a specific part of the modeled space (Van der Lee, 1997; Achim, 1992) . The first two modules MAXIL and SOMOS represent the water transport of the SPAC system (Soil -Plant -Atmosphere Continuum). Vegetation and atmospheric influences are buffered in the "agro -hydro -meteorological zone". Precipitation is redistributed into evaporation, percolation and soilGetting startedmoisture storage. The last two modules LINRES and SATFLOW represent the "hydro-geological zone" of the modeled space. LINRES redistributes the percolation in time, which represents the deep percolation from the lower boundary of the root zone to the groundwater table. SATFLOW is the module for saturated flow, which predicts the groundwater level with an estimated aquifer recharge.
II. BACKGROUND
The study catchment, the Ahlergaarde catchment in the Skjern watershed, is located in the western part of Denmark. It has an area of approximately 1055 km2, Fig. 1 . The topography slopes gently from east to west with land surface elevations from 130 meters above sea level in the eastern part to near 0 meter in the western part. Most of the land is agriculture while forest, heather and urban areas represent about 15% of the land surface. The climate is dominated by westerly winds that give rise to mild winters and relatively cold summers with highly variable weather conditions characterized by frequent rain (Roosmalen et al., 2007) . The mean annual precipitation is about 1050 mm/year and the mean annual reference evapotranspiration is 563 mm/year The soils are generally highly permeable and most of the precipitation infiltrates. Geologically the study catchment is dominated by glacial outwash sand and gravel of Quaternary age, with isolated islands of Saalian sandy till. The thickness of the Quaternary deposits is generally less than 50 m in the central and northeastern part of the area. 
B. Parameters for the research area
The template is used to format your paper and style the tex The EARTH model requires different parameters for the different (reservoirs).The first reservoir has one parameter, MAXIL. The SOMOS reservoir consists of five parameters, namely: saturated moisture content θs, residual moisture content θr and soil water content at field capacity θ fc , saturated hydraulic conductivity K s and the effective root depth D.The percolation zone is characterized by the number of reservoirs n and time constant(reservoir coefficient)f. Finally, the SATFLOW reservoir has saturated recession constant RC, storage coefficient STO, initial groundwater and local base level H base as its parameters. In the present study, different approaches were used to estimate the unknown parameters. Some of them are determined from literature values and others are determined through optimization.
The soil water parameters θs, θfc, and θr represent the soil water content at saturation, field capacity and residual respectively over a depth interval in which soil is available to roots(effective root depth).The effective root depth is also the depth interval with high soil water content fluctuations.For the study area, Gehrels(1999) reported that the highest soil water contents and largest seasonal variations are present down to about 0.5 m and seasonal variations are still considerable between 0.5 and approximately 1.2 m.
The average residual and maximum soil water content was obtained by multiplying the measured volumetric water content by the effective root zone depth.The storage coefficient STO is highly sensitive to estimate recharge from groundwater flow modelling and it is unsound to determine its value using an optimization program. The value of drainage resistance was taken as calculated above and since the position of the sites is near the water divide, the value for the proportionality constant β is approximated to be 1.For the assumed range of storage coefficient is from 0.11 to 0.15. Based on these assumptions the average recession coefficient is found to between 8000 and 9000 days. However, the value is slightly modified during calibration for some sites.
C. EARTH model Calibration
The objective of model calibration is to minimize the deviation and obtain the best fit between measured and simulated variables.Calibration of a model helps to evaluate the performance of the model and to establish whether the model is acceptable as an image of reality or not.In unsaturated zone soil water flow modelling, model performance can be evaluated by comparison of observed and model simulated state variables such as soil water content,soil pressure head,groundwater level and actual evapotranspiration.In the present study,observed Anderson and Woessner (1992) , three calibration procedures were carried out during the calibration process: first change the parameter value that cause the largest deviation,change just one parameter in each run;determine if the change of the parameter cause negative or positive effect on other part.
The principal model parameters used for calibration are the soil water content at field capacity θfc, maximum soil moisture content θs, number of reservoirs n, and the unsaturated recession coefficient f. The other parameters were not calibrated, but a priori set at fixed value.However, the values for the saturated recession coefficient and specific storage were only slightly adjusted for some of the sites to match the in situ measures of groundwater levels with the simulated values (Table1).
D. Calibration result evaluation
The model calibration resulted in minimizing the differences between the simulated and observed groundwater levels. The calibrated result was evaluated by qualitative and quantitative comparison of the simulated and observed groundwater levels. The qualitative comparisons are based on visual comparison of the simulated and observed groundwater level contour maps. (Fig.3) .
The quantitative model calibration was performed based on two approaches: 1) Using the correlation coefficient (R2) in which the simulated groundwater levels are plotted versus the observed groundwater levels on a linear plot. All the sites show similar results,and as an example only the linear plot of observed and simulated groundwater levels for 104.1995(grain)is presented in Fig.4 .
2) By calculating the average measure of the residuals using RMSE.The RMSE is the standard deviation of the residual error over a selected calibration period. It is the average of squared differences between observed and calculated variables. IV. RESULTS Model calibration was achieved by optimizing parameters by manual trial and error procedure.The performance of the model was evaluated based on visual interpretation of calibration results and an objective calibration criterion. The RMSE and correlation coefficient (R2) for EARTH model also indicate a very good model performance.
The main factors influencing water movement in the unsaturated zone are the rooting density and depth of vegetation, and the types of soil. The study area is characterized by sandy soils.So when it rains much of it evaporates from the vegetation cover and bare soil and from the root zone as transpiration.Thus only that remains infiltrates through the sandy soils to the deeper parts of unsaturated zone.
Soil moisture content, actual evapotranspiration and groundwater recharge were simulated with the EARTH models. The modelled long-term annual soil water balances for the period 1990 to 1999 for each site from EARTH models were calculated as: S=P △ G -E i -E a -R p where P G is gross precipitation [ The annual water balance results for the five sites are shown in table3. It shows that the actual evapiratranspiration of homestead is the smallest one about 409mm, and its groundwater recharge is the biggest one about 398mm in 5 representative zones.
